Within the haploid genome there are approximately 1,000 copies of the human endogenous retroviruslike sequence, HERV-H. Although these sequences are scattered throughout the entire genome, in situ hybridization experiments revealed that there are discrete clusters positioned on chromosomes lp and 7q. In this study, we have located three HERV-H sequences which were unexpectedly clustered within a 300-kilobase region close to the GRPR locus on the X chromosome. In previous studies, no clustering of this sequence has been reported at this locus. Our finding demonstrates that, like other repetitive sequences, clustering of HERV-H occurs in the human genome, although these sequences may not always be detected by in situ hybridization methods.
It has recently been estimated that there are approximately 80,000 genes in the human genome. 1 Only a few thousand genes have been characterized so far and much effort is being devoted to the analysis of cDNA sequences as a means of identifying new genes. 2 Although the analysis of cDNA sequences is a useful approach to identifying genes, it is essential to analyze DNA clones derived from genomic DNA in order to determine the structure of a particular gene. Bacterial-derived vectors such as cosmids, PI, and bacterial artificial chromosomes offer a useful means of propagating human-derived genomic sequences. These vector clones can also serve as starting materials for the identification of genes by CpG-island hunting 3 and exon-trapping. 4 Construction of contiguous regions of human genomic DNA within bacterial-derived vectors facilitates systematic identification and the characterization of the fine structure of genes.
We have previously reported the presence of mutations in an Alu repeated sequence associated with the DXS43 locus in human small cell lung cancers. 5 To determine the nature of the gene with which this aberration is associated, we attempted to construct a contiguous cosmid library of the DXS43 locus. However, during the course of this analysis, it was observed that some regions Communicated containing the DXS43 locus was initially screened by hybridization with a probe for human-specific Alu repetitive sequences, and then with a probe for the DXS43 locus, pD2. Sixty clones were isolated, and aligned on the basis of restriction maps constructed by analysis of representative cosmid clones, and also by PCR and hybridization analysis using known sequences as PCR primers and hybridization probes, respectively. 6 Despite extensive screening of the cosmid library, it was not possible to obtain cosmid clones containing inserts of two regions of the DXS43 locus. One region was approximately 30-kb centromeric to one end of the YAC yWXD3150 insert (the telomeric gap), and the other was about 60-kb telomeric to the other end of the insert (the centromeric gap) (Fig. 1A) .
To obtain the nucleotide sequence for the two absent regions, RNA hybridization probes were prepared that were homologous to the terminal regions of the cosmid clone inserts adjacent to the gaps in the DXS43 locus cosmid library. The library was then screened with the RNA probes. Using this approach the centromeric gap 19 The library was screened for cosmid clones containing human DNA as described previously. 20 A lambda library containing EcoKI fragments of yWXD3150 DNA approximately 5 kb in size was constructed in the vector Charon 4A, and screened for the presence of the desired region. Chromosomal walking (RNA transcription kit, Stratagene) was carried out following the manu- was finally filled with overlapping clones, but the telomeric gap was not. This gap was flanked with two cosmid clones, c3150-102 and c3150-2 (Fig. 1A) . The nucleotide sequences at the ends of the inserts of these clones were analyzed, and it was revealed that they had significant homology to the nucleotide sequence of RTVL-H2, 7 a member of human endogenous retrovirus-like sequence HERV-H. The nucleotide sequence of the telomeric end of the c3150-2 insert (positions 1-495 of p2T7 in Fig. 2A ) showed 90% homology with the HERV-H sequence at positions 2515-3009, and the nucleotide sequence of the centromeric end of the c3150-102 insert (positions 1-315 of plO2T7 in Fig. 2A ) showed 92% homology to the HERV-H sequence between positions 3321-3636 ( Fig. 2A) .
The length from the cloned end (Sau3Al) adjacent to the gap to the nearest EcoRI site of clones c3150-2 and c3150-102 was 4.2 kb (data not shown) and 0.3 kb ( Fig. 2A) , respectively. These two fragments both hybridized to a 4.8-kb EcoRI fragment of yWXD3150 (data not shown). These results suggest that the terminal regions of both c3150-2 and c3150-102 are included in the same 4.8-kb EcoRI fragment and that the expected length of the telomeric gap is approximately 300 bp ( Fig. 2A) . Although extensive screening of the cosmid and plasmid clones covering this gap was performed using various probes, no candidate clones were obtained.
We then constructed a A library of genomic DNA from the yeast containing the YAC clone y\VXD3150 and screened for clones possessing the region of the telomeric gap. Many candidate clones were obtained, and nucleotide sequence analysis of EcoRI digests revealed that two independent clones contained a region of DNA the same as in c3150-102 and c3150-2. One of the clones, the A clone A3150-1, is shown in Fig. 1A , and its partial nucleotide sequence is shown in Fig. 2B .
When restriction fragments containing the end of the insert of clones c3150-2 and c3150-102 (p2T7 and plO2T7, respectively, Fig. 2A ) were used as probes in Southern hybridization analyses of clones from the cosmid library of yWXD3150 DNA, complex hybridization patterns were observed. This was believed to be due to the presence of the HERV-H sequence in other cosmid clones. The hybridization experiments revealed that there were three HERV-H sequences in the YAC clone yWXD3150.
When a 1.5-kb Bsu36I/Nsi I fragment of N10-13. a representative HERV-H clone, 8 was used as a hybridization probe, 5.1-kb, 4.8-kb. and 3.1-kb fragments were detected in EcoRI digests of yWXD3150 DNA (Fig. 3B . probe 1). Since this probe possessed a part of a repetitive element, a smeared profile was observed in normal human DNA. When a 1.4-kb Nsi I/PmaCI fragment of N10-13 was used as a probe, a hybridization pattern similar to that obtained with probe 1 was observed (Fig. 3B . probe 2). These results suggest that there are three regions in yWXD3150 containing the HERV-H sequences. The difference in intensity of the hybridization bands was considered to reflect variations in the degree of homology to the probe sequences.
When a 1.0-kb EcoRI fragment of N10-13 was used as a probe, 21-kb, 7.5-kb, and 3.5-kb bands were detected (Fig. 3B, probe 3) . This further supports the hypothesis that there are three regions of yWXD3150 containing the HERV-H sequence. An intense hybridization signal in the 1.0-kb band observed in the human DNA suggests that the EcoRI sites flanking this fragment are relatively conserved. However, when a 0.8-kb Stu I fragment was used as a probe, only 21-kb and 3.5-kb bands were detected (Fig. 3B, probe 4) . This suggests that the 7.5-kb EcoRI fragment possessing the HERV-H sequence lacks the region corresponding to probe 4, the 0.8-kb Stu I fragment in Fig. 3A .
We have designated these HERV-H sequences HERV-HX1, HERV-HX2, and HERV-HX3, from the telomere of the short arm to the centromere (Fig. 1A) . The positions of these HERV-H sequences were assigned on the basis of a restriction map of this region (Shiraishi et al., unpublished results). HERV-HX1 was contained in 4.8-kb . Nucleotide sequence analysis of plasmid clones was performed as described previously. 5 p2T7 is the pGEM-HZf(-) plasmid vector containing the EcoRl/Not I fragment derived from the telomeric end of c315()-2. Similarly, plO2T7 is the nomenclature assigned to the pGEM-HZf(-) plasmid vector containing the EcoRl/Not I fragment of the centromeric end of c3150-102. Numbers for HERV-H are those for RTVL-H2 (accession number M18048). (B) Comparison of the nucleotide sequences of HERV-H and A3150-1. Nucleotide sequence analysis of the A clones was performed using the EcoKl fragments as a template (Thermo Sequenase fluorescent labelled primer cycle sequencing kit with 7-deaza-dGTP, Amersham). Dots indicate identical nucleotides between HERV-H and p2T7, plO2T7, or A3150-1. Dashes indicate the absence of a corresponding sequence. In the cases of p2T7 and A3150-1, only sequenced regions are compared and shown. The accession numbers of p2T7, pl()2T7, and A3150-1 are D87055, D87056, and D87057, respectively. and 3.1-kb EcoRI fragments. HERV-HX2 and HERV-HX3 were contained in 3.1-kb and 21-kb, and 5.1-kb and 7.5-kb EcoRI fragments, respectively (Fig. IB) . The orientations of these HERV-H sequences were all from centromere to telomere. HERV-HX1 was located approximately 50-kb telomeric to exon 1 of the gastrin releasing peptide receptor (GRPR) gene. HERV-HX2 and HERV-HX3 were located approximately 20-kb and 50-kb centromeric to exon 3 of the GRPR gene, respectively (Fig. 1A) .
The HERV-HX3 sequence was located in the centromeric gap. Nucleotide sequence analysis of the region of overlap between clones c3150-78 and c3150-127 revealed that this also contained an HERV-H sequence. The length of the overlapped region was 830 bp (accession number D87058), and it had significant homology to HERV-H sequence RGH2. 9 Homology comparisons of the regions sequenced revealed that a 526-bp sequence corresponding to positions 3331-3856 of RGH2 was deleted in HERV-HX3. The overlapping region also demonstrated homology to RTVL-H2, although to a lesser degree.
It is well documented that the human genome contains numerous repetitive sequences. The multicopy nature of repetitive elements is considered to be due to integration through RNA intermediates, however, their distribution in the genome is not uniform. moderately repetitive elements. There are several HERV families, but HERV-H is the most abundant element. 12 It has two long terminal repeats (LTRs), a potential primer binding site homologous to histidine tRNA, a polypurine tract upstream of the 3' LTR, and flanking 5-bp cellular direct repeats. 7 ' 13 Some elements contain regions homologous to the gag and pol sequences of several types of C retroviruses, and 5-10% of them contain the env region. 9 These features are characteristic of proviral structures. HERV-H sequences are heterogeneous in size due to deletions in various domains, and truncated elements are relatively common. HERV-H sequences are also considered to be remnants of ancient retroviral infections via transposons. 14 In this report, we provide evidence that three HERV-H sequences are clustered in a 300-kb region close to the GRPR locus on the X chromosome (Xp22). Clustering of the HERV-H sequences has been identified on chromosomes lp and 7q by in situ hybridization experiments, 15 however, clustering of these elements was not detected on Xp22. HERV-H sequences are present at a frequency of approximately 1,000 copies per haploid genome, and about 50 of them are expected on the X chromosome. 15 Therefore, three HERV-H sequences in a 300-kb region close to the GRPR locus is 30 times greater than would be expected (assuming one copy for every 3,000 kb).
The copy number and density of the HERV-H sequences may not be sufficient for detection by in situ hybridization methods. Various HERV-H probes covering almost the entire region of the element gave similar patterns in in situ hybridization experiments. 15 Similar probes were used in our Southern hybridization analysis. Therefore, it is unlikely that failure of detection of the HERV-H cluster on Xp22 in in situ hybridization experiments was due to an atypical nature of the HERV-HX1, -HX2, and -HX3 sequences. However, we can not comment on the copy number of the HERV-H sequences needed in the cluster for its detection, since we do not know the density of HERV-H sequences in the cluster on chromosomes lp and 7q.
It has previously been reported that some HERV-H sequences are inefficiently cloned, or are unstable in bacteriophage-derived vectors. 13 In our study, we also had difficulty in obtaining cosmid clones containing the HERV-HX1 or HERV-HX3 elements. It was not possible to clone HERV-HX1 sequences in cosmid vectors, and c3150-78 and C3150-127 were the only overlapping clones possessing the HERV-HX3 sequence. However, A clones containing regions of HERV-HX1 sequences were relatively easily obtained. These findings suggest that the choice of vector system is critical when preparing contiguous libraries of human genomic DNA particularly when the presence of HERV-H sequences are expected.
In summary, we have identified novel clustering of three HERV-H sequences close to the the GRPR locus. Completing the precise assignment of their loci in contiguous cosmid clones will permit further characterization of these elements, and an assessment of their relevance to adjacent genes.
